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Abstract 
Now days, Green Supply Chain Management (GSCM) is becoming an attractive subject among the business competition of 
organizations. In this competitive and globalized environment, most of the all organizations are emphasizing more efforts to 
improve their green supply chain practices. In this research work, seven green criteria and three alternatives have been identified 
based on literature review and discussion with the field experts taken from Indian automobile industries located at Delhi region. 
These criteria namely are: saving energy, design for environment, waste minimization, reuse of hazardous waste, awareness 
about green  concept, information sharing  regarding environmental regulations  and proper mode of transport and three mutually 
important alternatives namely as: suppliers, web based technologies and advanced manufacturing technologies. On the basis of 
considered criteria and alternatives, a hierarchy type performance model has been developed and analysed using Fuzzy 
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) approach to select the best alternative in order to 
improve the performance of GSCM system. The findings suggested that alternative ‘web-based technologies’ is more desirable 
among considered alternatives and insert a significant role in enhancing the green supply chain performance of an industry.  
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In the recent years, green supply chain is the challenging issue among the organizations. Environmental societies 
believed that many business operations like sourcing, manufacturing and logistics are accountable for maximum 
environmental related harms (Beamon, 1999). Various internal and external groups such as government agencies, 
labors, neighbors, charitable societies and non-government organizations (NGOs) are increasing more pressure on 
 15 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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organizations to make a green supply chain (Sarkis, 2006). Greening concept is a practice which provides an 
ecofriendly image of the goods, procedures, schemes and technologies (Vachon and Klassen, 2006a, b).  
To provide better environmental performance, integration among the supply chain stages is required (Zhu et al., 
2001). The customer needs can be meet through combining the distribution networks with the supply chain phases 
(Lambert, 2008; Chopra and Meindl, 2001). Beamon (1999) defined green supply chain as “addition in the 
traditional supply chains by including activities that aims is minimizing environmental impacts of a product 
throughout its complete life cycle, ranging from green design to the product recycle or reuse”. The green supply 
chain management (GSCM) can be defined as “an organizational philosophy which helps organizations and their 
partners to achieve corporate profit and market share objectives by reducing environmental risk and impacts while 
improving ecological efficiency” (Rao and Holt, 2005; Zsidisin and Siferd, 2001). Tyagi et al. (2014) analysed the 
interaction of drivers of GSCM in respect of an influence on supply chain performance system.     
During this research to assess the performance of GSCM system seven criteria and three alternatives have been 
considered. These criteria and alternatives were identified on the basis of review of literature and discussion with the 
field professionals preferred from Indian automobile sector located near around Delhi region. The seven criteria 
namely are: saving energy, design for environment, waste minimization, reuse of hazardous waste, awareness about 
green  concept, information sharing  regarding environmental regulations  and proper mode of transport and three 
alternatives as: suppliers, web based technologies, and advanced manufacturing technologies. On the basis of 
considered criteria and alternatives, a performance model has been structured and is shown in Figure 1. The model 
has been analysed using fuzzy Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) approach 
to select the best alternative to improve the performance of GSCM system. 
2. Literature review 
GSCM is an interested theme among researchers and practitioners in the extent of supply chain management. It 
integrates the environmental practices with the decision strategies to convert the resources into the serviceable 
goods. Humphreys et al. (2003) discussed various criteria in the supplier selection process based on their 
environmental performance, those criteria namely are: environmental controlling abilities, environmental image of 
suppliers, growth of products with better environmental performance, green management system and environmental 
proficiencies.  
Hart (1995) stated that the concept of GSCM has full accountability of a firm towards environment related 
problems of its products ranging from raw materials to the ultimate use and dumping of the products. From the 
existing literature it is clear that green supply chain edges have optimistic environmental consequences. According 
to Frosch (1994) “an inter-firm linkage can lead to improvement in environmental performance”. Florida (1996) 
stated that a closer bonding should exist between suppliers and customers for environmentally friendly or clean 
production.  
There are various existing studies for the GSCM, some of them as follows: Chen et al. (2006) used TOPSIS 
approach under fuzzy environment by using trapezoidal fuzzy numbers in the supplier selection process. Lu et al. 
(2007) employed a multi-criteria decision making analysis for assessment of green suppliers. Wang et al. (2009) 
employed a TOPSIS approach with computation of Euclidean distances from ideal solutions in order to select a best 
supplier. Onut et al. (2009) applied integrated fuzzy AHP- TOPSIS in the selection of long term supplier for a case 
of Telecommunications Company. In this study we are using fuzzy TOPSIS to select the alternative for GSCM 
system. 
3. Fuzzy TOPSIS approach 
The fuzzy TOPSIS is the extension of TOPSIS approach, it includes the fuzzy valuations of considered 
criteria/factors and alternatives/parameters (Hwang and Yoon, 1981). In this approach selection of alternative is 
based on the distance nearby to the positive ideal solution and extreme from the negative ideal solution. A positive 
ideal solution is the key concern for the top performance ideals of each factor while the negative ideal solution gives 
poorest performance ideals. The algorithm of fuzzy TOPSIS (modified from Awasthi et al., 2010) can be 
summarized as in the following steps: 
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Step 1: Scores assigning for criteria and alternatives 
Consider that m criteria Ci(i= 1, 2,….., m), n alternatives Aj (j = 1, 2,…., n) and ‘k’ decision makers Dk (k = 1, 
2,…, k), then criteria weights are represented by pi (I = 1,2,…..,m). The scores of each decision maker for each 
alternative with respect to each criteria are designated by  with a membership function . 
Step 2: Aggregation of fuzzy ratings  
In that case when the fuzzy rating of all decision makers is termed as the triangular fuzzy number (TFN) 
 at that time aggregated fuzzy rating is defined by  where ‘l’, ‘m’ and 
‘u’ can be computed as follows: 
 , , and     
If we assume the fuzzy rating and significance weight of the kth expert or decision maker as 
 and , i= 1, 2,…., m; j = 1, 2,…., n, respectively, at that moment 
accumulated fuzzy ratings ( ) of alternatives with respect to each criteria may be assumed by 
 , where , , and                                        (1) 
The aggregated fuzzy weights ( ) of each criteria are determined as  where  
, , and                                                                                           (2) 
Step 3: Determination of fuzzy decision matrix 
The fuzzy decision matrix for alternatives is denoted by ( ), and is created as: 
                        
 =       i = 1,2,….m; j = 1,2,….n                                                                     (3) 
                                                                                                                 (4) 
Step 4: Normalization of the fuzzy decision matrix 
Using linear scale transformation normalized the raw data to fetch the different criteria scales into a comparable 
scale. The normalized fuzzy decision matrix  can be obtained as: 
,   i = 1,2,…..,m; j = 1,2,….,n                                                                                                                  (5) 
Where 
, and    (In case of benefit criteria)                                                      (6) 
, and       (In case of cost criteria)                                                                     (7) 
Step 5: Find out the weighted normalized matrix 
The weighted normalized matrix  Four criteria are built by multiplying the weights  of assessment criteria 
with the normalized fuzzy decision matrix . 
,   i= 1,2,….,m; j = 1,2,….,n  where                                                                     (8) 
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Step 6: Calculate the fuzzy ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) 
The FPIS and FNIS of the alternatives are computed as follows: 
 where ,  i= 1,2,…,m; j = 1,2,…,n                                        (9) 
 where , i= 1,2,…,m; j = 1,2,…,n                                      (10) 
Step 7: Determination of distance of each alternative from FPIS and FNIS 
The distance of each considered and weighted alternative from FPIS and the FNIS is calculated as follows: 
,  i= 1,2,…,m                                                                                                              (11) 
,  i= 1,2,…,m                                                                                                              (12) 
Where  is the distance between two fuzzy numbers . 
Step 8: Determine the closeness coefficient (CCi) of each alternative 
The closeness coefficient CCi gives the indication about the resultant distance of alternatives from fuzzy positive 
ideal solution (A+) and the fuzzy negative ideal solution (A-) simultaneously. It can be calculated using an 
expression given below: 
CCi  =  ,   i= 1,2,…,m                                                                                                                           (13) 
Step 9: Ranking of alternatives 
Based on obtained closeness coefficient values, ranking of alternatives can be decided. The best alternative is 
nearby to the FPIS and outermost from the FNIS. 
4. Numerical Illustration of fuzzy TOPSIS 
On the basis of proposed model shown in Figure 1, a questionnaire has been formulated on google doc using 
fuzzy linguistic scale given in Table 1 and sends to the field experts to collect their opinions.  The opinions of field 
experts have been collected in linguistic terms and synthesize in three decision making groups denoted as D1, D2 and 
D3. The collected linguistic ratings for criteria have been given in Table 2. The linguistic terms/ratings were 
converted in to the corresponding triangular fuzzy numbers and then fuzzy TOPSIS has been applied as given 
below: 
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Fig. 1: Hierarchy based performance model 
 
By using Eq.1, fuzzy aggregate ratings for criteria are calculated and then aggregated fuzzy weights of each 
criterion are calculated by using Eq. 2, as given in Table 3. For example: aggregate fuzzy weight for criteria C2 is 
calculated as:  where  
, , and  
= (5,8.33,9) 
Similarly, aggregated fuzzy weights for the remaining criteria are calculated and summarized as in Table 3. 
 
                                          Table 1 Fuzzy linguistic scale 
Linguistic term for criteria Linguistic term for alternatives Triangular fuzzy numbers 
Very low Very poor (1, 1, 3) 
Low Poor (1, 3, 5) 
Medium Fair (3, 5, 7) 
High Good (5, 7, 9) 
Very high Very good (7, 9, 9) 
                                        
GSCM performance measuring index 
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                                         Table 2 Linguistics ratings for the seven criteria 
Decision makers 
D1                         D2 D3 
C1 L M L 
C2 VH H VH 
C3 VH M H 
C4 H VH H 
C5 VH H VH 
C6 H M H 
C7 H M M 
 
                                         Table 3 Aggregate fuzzy criteria weights 
Criteria D1 D2 D3 Aggregate fuzzy weights 
C1 (1,3,5) (3,5,7) (1,3,5) (1,3.67,7) 
C2 (7,9,9) (5,7,9) (7,9,9) (5,8.33,9) 
C3 (7,9,9) (3,5,7) (5,7,9) (3,7,9) 
C4 (5,7,9) (7,9,9) (5,7,9) (5,7.67,9) 
C5 (7,9,9) (5,7,9) (7,9,9) (5,8.33,9) 
C6 (5,7,9) (3,5,7) (5,7,9) (3,6.33,9) 
C7 (5,7,9) (3,5,7) (3,5,7) (3,5.67,9) 
 
Now by using the Eqs. 1 and 2, calculate the aggregate fuzzy weights for alternatives. As an example: collective 
rating of alternative A2 for criteria C2 by considering the scores suggested by a team of three decision makers is 
calculated as below: 
  
 where , , and  
  
Similarly, calculate the aggregate rating for remaining alternatives with respect to corresponding criteria. 
Aggregate fuzzy ratings for alternatives are shown in Table 4. 
 
                                        Table 4 Aggregate fuzzy ratings for alternatives 
Criteria Alternatives A1 A2 A3 
C1 (3,5.67,9) (3,5.66,9) (5,7.66,9) 
C2 (3,6.33,9) (5,8.33,9) (1,4.33,7) 
C3 (3,6.33,9) (3,5.66,9) (5,8.33,9) 
C4 (3,5.66,9) (1,3.67,7) (3,6.33,9) 
C5 (5,8.33,9) (5,7.67,9) (1,4.33,7) 
C6 (1,3.66,7) (5,8.33,9) (1,4.33,7) 
C7 (3,5.66,9) (3,5.66,9) (1,4.33,7) 
 
After that, a normalized fuzzy decision matrix for alternatives is computed as shown in Table- 5.  
 
                                         Table 5 Normalized fuzzy decision matrix for alternatives 
Criteria Alternatives A1 A2 A3 
C1 (0.33,0.63,1) (0.33,0.63,1) (0.56,0.85,1) 
C2 (0.33,0.70,1) (0.56,0.93,1) (0.11,0.48,0.78) 
C3 (0.33,0.70,1) (0.33,0.63,1) (0.56,0.93,1) 
C4 (0.33,0.63,1) (0.11,0.41,0.78) (0.33,0.70,1) 
C5 (0.56,0.93,1) (0.56,0.85,1) (0.11,0.48,0.78) 
C6 (0.11,0.41,0.78) (0.56,0.93,1) (0.11,0.48,0.78) 
C7 (0.33,0.63,1) (0.33,0.63,1) (0.11,0.48,0.78) 
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In the next step, construct a normalized fuzzy weights decision matrix for alternatives by using an Eq. 8. As an 
example, normalized fuzzy weights for alternative A2 with respect to criteria C2 is given as follows: 
  = (0.56,0.93,1)* (5,8.33,9) = (2.78,7.72,9) 
Similarly, the fuzzy weights for remaining alternatives are calculated as shown in Table 6. 
 
                                          Table 6 Normalized fuzzy weights for alternatives, FPIS, FNIS 
Criteria Alternatives FNIS (A-) FPIS (A+) A1 A2 A3 
C1 (0.33,2.31,7) (0.33,2.31,7) (0.56,3.12,7) 0.33 7.00 
C2 (1.67,5.86,9) (2.78,7.72,9) (0.56,4.01,7) 0.56 9.00 
C3 (1,4.93,9) (1,4.41,9) (1.67,6.48,9) 1.00 9.00 
C4 (1.67,4.83,9) (0.56,3.12,7) (1.67,5.40,9) 0.56 9.00 
C5 (2.78,7.72,9) (2.78,7.10,9) (0.56,4.01,7) 0.56 9.00 
C6 (0.33,2.58,7) (1.67,5.86,9) (0.33,3.05,7 0.33 9.00 
C7 (1,3.57,9) (1,3.57,9) (0.33,2.73,7) 0.33 9.00 
 
Further, fuzzy negative ideal solution (FNIS) and fuzzy positive ideal solution (FPIS) are calculated by using the 
Eq. 9 and 10 and are shown in the last two columns of Table 6. Then, determine the distance or remoteness of each 
alternative from the FPIS and FNIS through using a formula stated below: 
If we assume two triangular fuzzy numbers  and  then by using the vertex method 
distance between them is given as: 
 
For example, the distances  and  for alternative A2 with respect to criteria C2 are calculated 
as follows: 
 = 3.668 
  = 6.723 
Similarly, distances for remaining alternatives are calculated. A summary of calculated distances for each 
alternative from FPIS and FNIS is given in Table 7. 
 
                                         Table 7 Distance dv (Ai, A-) and dv (Ai, A+) 
Criteria dv (Ai, A
-) dv (Ai, A+) 
A1 A2 A3 A1 A2 A3 
C1 4.014 4.014 4.174 6.426 6.426 6.051 
C2 5.986 6.723 4.398 4.605 3.668 5.779 
C3 5.676 5.542 6.183 5.183 5.326 4.477 
tr 5.689 4.174 5.846 4.871 6.051 4.718 
C5 6.723 6.503 4.398 3.668 3.756 5.779 
C6 4.062 5.986 4.156 6.333 4.605 6.178 
C7 5.355 5.355 4.090 5.583 5.583 6.283 
 
Then we calculate the distances  and  by using Eqs. 11 and 12. The values of  and  for each of the 
alternative are shown in Table- 8. 
 
                                         Table 8 Closeness coefficient (CCi) for the three alternatives 
 Criteria Alternatives A1 A2 A3 
 37.504 38.297 33.245 
 36.670 35.415 39.265 
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CCi 0.5056 0.5195 0.4585 
 
Finally, we determine the closeness coefficient of each alternative by using the corresponding values of   and 
. For alternative A1 closeness coefficient (CCi) is calculated as: 
 
CCi =  =  = 0.5056 
 
Similarly, calculate the value of CCi for alternative A2 and A3, values comes 0.5195 and 0.4585 respectively. 
 
5. Results 
Thus alternative A2 ‘web based technologies’ (with a closeness coefficient value 0.5195) has been found to be 
considerably more desirable than other two alternatives A1 and A3 (with closeness coefficient values 0.5056 and 
0.4585, respectively). 
6. Conclusions 
This paper presents a fuzzy TOPSIS approach for the selection of best alternative in order to improve the 
performance of GSCM system of an organization. For this, a performance based model shown in Fig. 1, is proposed 
having seven criteria and three alternatives. The considered criteria namely are: saving energy, design for 
environment, waste minimization, reuse of hazardous waste, green management abilities, use of information and 
communication technologies and proper mode of transport and three alternatives namely as: suppliers, web based 
technologies and advanced manufacturing technologies. By applying a stepwise procedure of fuzzy TOPSIS, the 
proposed model is analyzed and found that the alternative A2 ‘web based technologies’ has highest closeness 
coefficient (0.5195) which indicates its  more importance or desirability as compare to the other alternatives 
suppliers (A1) and advanced manufacturing technologies (A3) having closeness coefficient 0.5056 and 0.4585, 
respectively. It means, alternative web based technologies comes out as a best alternative and will play a very 
important role in improving the performance of GSCM system of an organization. 
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